lmost 30 years after its introduction, excimer laser photorefractive keratectomy (PRK) remains an important and commonly used technique for the surgical correction of refractive errors. Wavefront-optimized advanced surface ablation results compare favorably with those of LASIK.
New Surface Ablation Software/Vinciguerra et al attempted correction and increasing volume of stromal tissue removal. 3, 17, 18 It is our impression that corneal surface irregularity after surface ablation with excimer laser, mostly with high myopia correction, may induce an epithelial response leading not only to haze, but also to regression and reduced accuracy of refractive correction. On the contrary, a regular, smooth corneal surface after ablation may lead to faster and better vision recovery.
The purpose of this study was to examine the results of advanced surface ablation with a 750-Hz versus a 1,050-Hz excimer laser coupled with an ablation software designed to reduce corneal surface irregularity, to determine the effect of this smoothing pattern on final visual acuity.
PATIENTS AND METHODS
We retrospectively reviewed and compared myopic eyes that had refractive surgery consecutively treated from October 2013 to March 2014 with transepithelial advanced surface ablation using the Schwind Amaris 750-Hz excimer laser (SCHWIND eye-tech-solutions GmbH & Co., Kleinostheim, Germany) (750 group) and eyes treated from April to September 2014 with advanced surface ablation using the Schwind Amaris 1,050-Hz excimer laser with Smart Pulse Technology (SPT group) at the Ophthalmology Department of Humanitas Research Hospital, Rozzano, Italy.
The Amaris 1,050-Hz excimer laser is a faster version of the 750-Hz laser, whereas the SPT algorithm is a laser pulse technology software aimed at reducing surface irregularity of the residual stromal bed at the end of treatment. SPT laser spot distribution features a truncated super-Gaussian spot shape, with a spot profile between Gaussian and flat-top (or top-hat). According to the laser manufacturer, this profile is flatter than Gaussian but rounder than top-hat, and is combined with a truncation at 14% of the peak intensity to cut the subthreshold ablation spot flanks, thus avoiding the thermal load and the ablation effect of the lateral pulse energy not effectively invested in the ablation process.
General inclusion criteria for patients undergoing advanced surface ablation were: age older than 18 years, no known systemic, metabolic, or collagen diseases, no tear film defect, and a cornea without haze and asymmetric features that could indicate the presence of a forme fruste keratoconus. Preoperatively, all patients underwent complete ophthalmological examination, with determination of refractive defect under manifest and cycloplegic conditions, pupillometry, endothelial cell counts, corneal topography with SIRIUS topo-tomographer (Costruzione Strumenti Oftalmici, Florence, Italy), and corneal pachymetric evaluation with Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany). All patients underwent complete ophthalmological examination at 1-and 6-month intervals postoperatively. Corneal haze severity was graded by the examiner according to the Epstein scale. 19 Only myopic eyes, and in bilaterally treated patients only the eye with the highest spheroequivalent refractive error, were included in the study. Thus, only one eye per patient was considered in the study.
Proper informed consent was obtained from each patient, for both the treatment and use of their de-identified clinical data for publication. The institutional review board evaluated the study and determined that the investigation in this form was not subject to the Medical Research Involving Human Subjects Act.
StatiStical analySiS
Data were described as number and percentage or mean and standard deviation, where appropriate. Comparisons between groups were performed by chi-square test or Wilcoxon test, where appropriate. Repeated measures analysis of variance was used to evaluate whether variables changed with time and were influenced by group. Linear correlations were estimated with r 2 . A P value of .05 or less was considered statistically significant. All analyses were made with Stata13 software (StataCorp LP, College Station, TX).
RESULTS
The study included 139 eyes from 139 patients in the 750 group and 40 eyes from 40 patients in the SPT group. Epidemiological and preoperative cycloplegic refractive data of the two groups are presented in Table 1, showing that the two groups were comparable. We observed an important reduction in the number of patients with 6-month follow-up in the 750 group, from 139 to 34 patients. Thus, we compared epidemiological, preoperative, and operative data of eyes in the 750 group, with and without 6-month follow-up. Only mean age (38.1 ± 7.9 years with follow-up vs 33.9 ± 8.2 years without follow-up, P = .010) and optical zone (7.74 ± 0.42 mm with follow-up vs 7.54 ± 0.43 mm without follow-up, P = .005) were significantly different. All other epidemiological, preoperative refractive, and laser setting data were comparable.
RefRactive OutcOmeS and HigHeR ORdeR abeRRatiOnS
Visual acuity and refraction at postoperative 1 and 6 months are presented in Table 2 . Sphere and cylinder decreased with time and showed a similar course in both groups. Uncorrected distance visual acuity (UDVA) improved with time and was significantly New Surface Ablation Software/Vinciguerra et al New Surface Ablation Software/Vinciguerra et al better in the SPT group (P < .001). Besides improving with time, corrected distance visual acuity (CDVA) appeared to be influenced by group (P = .054), with better results in the SPT group. Coma, trefoil, and root mean square improved significantly with time in a similar manner in both groups ( Table 3 ) (P = .003, = .006, < .001, respectively). Axis, haze, and spherical aberration were not influenced either by time or group.
efficacy
The distribution of UDVA is presented in Figure 1A . At 6 months of follow-up, 55% versus 21% achieved 20/16 or better acuity in the SPT and 750 groups, respectively (P = .005), and 90% and 65% achieved 20/20 or better in the SPT and 750 groups, respectively (P = .019). The difference between preoperative CVDA and postoperative UDVA is also presented in Figure 1B .
Safety
At 6 months of follow-up, the loss of one or more Snellen lines of CDVA was observed in 9% of eyes in the 750 group and in no eye in the SPT group ( Figure 1C ).
accuRacy
At 6 months postoperatively, 91% of eyes in the 750 group were within 0.50 D of emmetropia and 100% of eyes were within 0.50 D of astigmatism, whereas in the SPT group 94% of eyes were within 0.50 D of emmetropia and 100% of eyes were within 0.50 D of astigmatism ( Figure 1E) . A nearly linear (coefficient of determination r 2 = 0.999) relationship between the laser attempted and achieved spherical equivalent refraction was observed in both groups (r 2 = 0.9977) (Figure 1D) . Stability is presented in Figure 1F and astigmatism results are presented in Figure 1G .
DISCUSSION
We demonstrated superior results for advanced surface ablation performed with the Amaris 1,050-Hz excimer laser with SPT when compared to the 750-Hz excimer laser, with better uncorrected acuity outcomes and better safety, as well as no eye losing any lines of CDVA at 6 months. We hypothesize that this difference in outcomes is due to improved surface smoothness and reduced irregularity induced by the SPT treatment algorithm.
Following any corneal lesion involving the epithelium (and advanced surface ablation may so be considered), reparative corneal epithelium layering works to reduce the overall roughness. 13 Netto et al. demonstrated a relationship between the level of corneal haze formation after PRK associated with the presence of anterior stromal myofibroblasts and the level of stromal surface irregularity remaining after surface ablation. 9 We did not observe any significant difference in haze between the two considered groups. Serrao and Lombardo 20 demonstrated that epithelial migration along the photoablated corneal surface depends on the ablation pattern. The epithelial sliding is highly influenced by local variations in curvature and by surface regularity of the stromal surface. Data in their study demonstrated that faster epithelial wound healing after PRK, New Surface Ablation Software/Vinciguerra et al facilitated by regular stromal surface, is predictive of optimal visual performance. 20 Huang et al. showed that epithelial thickness modulations after ablation can be modeled mathematically to explain clinically observed regression and induction of aberration. 13 As early as 1998 we showed that phototherapeutic-like smoothing improved corneal stromal surface regularity immediately after PRK and provided better refractive and optical outcomes. 10, 11, 19, 21, 22 We also developed a new topographic map that can predict epithelial distribution when related to postoperative variations in corneal curvature. 23 Thus, apparently, stromal surface regularity, epithelial wound healing, stromal haze, and final refraction are related.
Pertaining to corneal wavefront aberrations (coma, trefoil, and spherical aberration) at 3 mm, we observed significantly less coma at month 1 in the SPT group. This difference disappeared at month 6. We may infer that this irregularity, mostly apparent in the range amount of observed aberrations, is due to lower epithelial irregularity and better healing at month 1 in the SPT group.
When compared to the Amaris 750-Hz excimer laser, the 1,050-Hz excimer laser reduces the duration time of the procedure in a proportionally direct relationship with the size of the optical zone, with a reduction in treatment time ranging from 13% (6-mm optical zone) up to 33% (10-mm optical zone). This apparently has no direct effect on the correction imparted and on the final refractive outcome. The SPT software we adopted in this study features a particular characterization of the ablative spot geometry aimed at avoiding the thermal load and ablation effect of pulse energy not effectively invested in the ablation process. We applied SPT to enhance refractive and aberrational outcomes by reducing the residual roughness (improving smoothness of the residual bed).
A limitation of this study is that the individual contributions of the 1,050-Hz laser and SPT cannot be accounted for separately. The surgeries were performed at different time points (the 750 group from 2013 to 2014 and the SPT group in 2014). However, because the groups were similar preoperatively and there were no other changes to our clinic's treatment protocols during this time, we do not believe the treatment dates to have affected our outcomes. Finally, due to the relatively short follow-up of 6 months, we cannot exclude the possibility that outcomes from the two laser platforms will equalize over a longer time.
Another limitation of the study is the drop out in 6-month follow-up of the 750 group patients. We included in the study only one eye (that with the highest refractive defect) per myopic patient undergoing advanced surface ablation with the Amaris 750-Hz excimer laser in a precise period of 6 months. Comparing the 750 group eyes with and without 6-month followup, we found the two subgroups almost completely comparable. Thus, we believed that, despite the reduction in number of eyes, the results of the 750 group eyes with complete follow-up represent effectively those of the whole group.
Surface ablation with the 1,050-Hz excimer laser and SPT, a software program aimed at reducing the final superficial stromal irregularity, leads to improvement of 6-month uncorrected distance visual acuity.
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